Accessible Summary
• We now have a much better understanding of the specific characteristics of the many and often rare conditions that are associated with intellectual disabilities is known to follow a more severe course (Van De Kamp, Niermeijer, Von Figura, & Giesberts, 1981) and C a more attenuated course . There is currently no cure for MPS III disorders although a number of stem cell-derived treatments show promise.
MPS III is triphasic characterised by severe neurological impairment and a progressive decline in functioning (Cleary & Wraith, 1993) . The start phase (1-3 years) is marked by severe developmental delay, the middle phase (4-9 years) by behavioural difficulties with the phase (10+ years) being associated with progressive loss of skills, seizures and difficulties with mobility and swallowing. Previous research has identified that behavioural difficulties are more prominent in the middle phase of MPS III (Cross et al., 2014) and are characterised by hyperactivity, orality, unusual body movements, inattention and sleep difficulties. High levels of distress in families and difficulties in managing behaviour have been reported (Bax & Colville, 1995; Grant et al., 2013) .
Research, clinical observations and parental reports have noted that children with MPS IIIA and IIIB present with behaviours commonly associated with autism spectrum disorder (ASD) (Heron et al., 2010; Wolfenden, Wittkowski, & Hare, 2017) . ASD-like symptoms, such as language regression, have resulted in misdiagnosis or late diagnosis of MPS III (Wijburg, Wegzryn, Burton, & TylkiSzymanska, 2013 ) with subsequent further implications for genetic counselling and reduced opportunities for effective treatments.
ASD has previously been associated with other metabolic disorders with ASD symptomology significantly more likely to occur in individuals with such disorders than in the general population (Moss & Howlin, 2009; Richards, Jones, Groves, Moss, & Oliver, 2016) . Such symptomology may exist without a formal diagnosis of ASD and this has been taken as supporting the concept of ASD as a fractionable rather than a coherent syndrome (Happe & Ronald, 2008) . To this end, Happe and Ronald (2008) have proposed that core symptoms of ASD, namely impaired social communication and interaction and behavioural inflexibility in the form of restricted and repetitive behaviour and interests are genetically independent but with a high degree of cooccurrence. Support for this reconceptualisation of ASD has subsequently been forthcoming from a study by Mandy, Charman, and Skuse (2012) . Therefore, neither of these two groups of symptoms is sufficient for a diagnosis of ASD, which can only be made when they cooccur (see Diagnostic and Statistical Manual of Mental Disorders (5th ed; DSM-5, American Psychiatric Association (APA), 2013).
Research to date examining the presence and nature of "comorbid" ASD in MPS III has found that when using "gold-standard" assessment tools such as the Autism Diagnostic Observation Schedule (ADOS) (Lord, Rutter, DiLavore, & Risi, 1999) , children with MPS IIIA and MPS IIIB display behaviours that are frequent and severe enough to warrant a comorbid diagnosis of ASD (Rumsey et al., 2014; Shapiro et al., 2016) . These studies have noted frequent social and affective abnormalities but less frequent repetitive behaviour and restricted interests. Given (a) the lack of consensus within clinical and research settings as to whether ASD is a coherent syndrome or a fractionable syndrome, (b) evidence that individuals can present with ASD-like traits in only one domain (e.g., Mandy et al., 2012) and (c) issues pertaining to diagnostic overshadowing and misdiagnoses of ASD in children with MPS III (e.g., Wijburg et al., 2013) , the present study aimed to identify and measure the symptoms of ASD separately, rather than globally in children with MPS III. To measure the core domains of ASD (social and communication difficulties and repetitive and restricted behaviours and interests) separately, the Social Responsiveness Scale -Second Edition (SRS-2) (Constantino & Gruber, 2012) and Repetitive Behaviour Questionnaire-2 (RBQ-2) (Leekam et al., 2007) were selected. Based on previous research, it was hypothesised that 1) parents of children with MPS III would report more social and communication difficulties (as measured by the SRS-2) than repetitive and restricted behaviours (as measured by the RBQ-2) and 2) parents of children with MPS IIIA would report more ASD symptomology (as measured by higher scores on the above mentioned scales) than children with MPS IIIB and MPS IIIC. In addition to the above hypotheses, the data provided by parents of children with MPS III were examined for any differences across gender and for any relevant developmental trajectories for symptoms of ASD along the phases of MPS III. 
| ME THOD

| Participants
Parents/caregivers of children with a diagnosis of MPS III (subtypes A-C) were included in this study if their child was aged between 2 and 16 years and if the parents or immediate family member understood written English. Parents/caregivers were excluded from this study if they had a child with MPS III under the age of 2 years, if they had serious physical or mental health problems or if they had any other significant caring responsibilities that would significantly impact on their psychological well-being, as determined by the research team.
| Recruitment and procedure
Parents/caregivers of children aged between 2 and 16 years with a diagnosis of MPS III were recruited through the MPS Society UK and two genetic departments in the North West and South West of England. Information, consent forms and questionnaires were sent to potential participants via the post, provided online or provided face-to-face, depending upon their preferred participation method.
Telephone participation was also an option and were applicable, families were telephoned to collect missing data.
| Measures
A demographic questionnaire was used to collect information regarding the age and subtype of the child and the relationship to the child of the person completing the form.
| Social Responsiveness Scale, Second Edition (SRS-2)
The SRS-2 (Constantino & Gruber, 2012) an overall total score and total domain scores as well as standardised scores, empirically validated through factor, cluster, and latent class analyses (Constantino & Gruber, 2012) . Scores are subsequently categorised as within "normal limits" or within "mild," "moderate" or "severe" ranges. The SRS (Constantino & Gruber, 2005) , albeit an earlier version, has been used in other studies examining the symptomology of ASD in other disorders such as Down syndrome (Channell et al., 2015) and Neurofibromatosis Type 1 (NF1) (Garg et al., 2015) .
| Repetitive Behaviours Questionnaire -2 (RBQ -2)
The RBQ-2 (Leekam et al., 2007 ) is a 20-item-questionnaire that measures the presence of the broader range of autistic-like repetitive behaviours and restricted rituals and routines (repetitive motor stereotypies, sensory interests, rituals and routines). High internal consistency and good psychometric properties for the RBQ-2 have been demonstrated (Leekam et al., 2007 Respondents are asked to rate the frequency with which their child has engaged in a range of restricted and repetitive interests over the past month. Following the procedures of previously published research (e.g., Joyce, Honey, Leekam, Barret, & Rodgers, 2017; Lidstone et al., 2014) , a mean total repetitiveness score was calculated for each child by adding the score for each item completed in the questionnaire and dividing by the number of questions completed by the respondent. This produced an average score, indicating the child's level of repetitiveness ranging from 1 to 3, for all items combined. Sub-scale scores are also produced for the four subscales mentioned above.
| Adaptive Behaviour Assessment System, Third Edition (ABAS-3)
The ABAS-3 (Harrison & Oakland, 2015) Respondents are asked to rate how frequently their child is able to perform a task within each skill area from 0 (not able) to 3 (almost always able to). Ratings for the individual skills within each area are then summed to form scores for the three adaptive domains. At the highest level, as an overall estimate of adaptive functioning, a General Adaptive Composite (GAC) score is produced from all measured skill areas. Scores are compared to age equivalent scores, standard scores and are categorised as within "extremely low," "low," "below average," "average," "above average" or "high" functioning.
| RE SULTS
Parents/caregivers of 17 children with MPS III (IIIA n = 10, IIIB n = 5 and IIIC n = 2) aged between 2 and 16 years (mean 7 years) completed the Social Responsiveness Scale, Second Edition (SRS-2) (Constantino & Gruber, 2012) , the Repetitive Behaviours Questionnaire -2 (RBQ-2) (Leekam et al., 2007) and the Adaptive Behaviour Assessment System, Third Edition (ABAS-3) (Harrison & Oakland, 2015) to assess social and communication dysfunction, repetitive and restrictive behaviour and global functioning respectively.
Most children had limited vocabulary and generated one-word responses and/or indistinguishable vocalisations. Children observed in the later phases of the disorder were wheelchair users and unable to talk or communicate. Table 1 shows mean (standard deviation) and median (range) scores for overall sample, subtype of MPS III subtype and phase. All children scored "extremely low" on the ABAS-3.
Male children (n = 10) had significantly higher median RBQ-2 scores compared to female children (n = 7) (u = 8.00, Z = −2.645, p = 0.007).
All 17 children scored within the severe range (total raw score > 89
[females]/>97 [for males]) on the SRS-2 (Table 1) , indicating clinically significant difficulties in reciprocal social behaviour; these scores are associated with a diagnosis of ASD (Constantino & Gruber, 2012) . Elevated SRS-2 scores were reported for children in the middle phase (aged between 3 and 9 years) of MPS III. As there were no children in the sample with MPS IIIB in the end phase and no children with MPS IIIC in the early phase, differentiation between subtypes and phases was not possible. Children with MPS IIIC were most impaired on the SRS-2 subscales of social awareness, social cognition, and repetitive and restricted behaviour whilst children with MPS IIIA were most impaired in social motivation and social communication.
The mean score for total repetitiveness for children with MPS III in this sample was 1.70 (.45) (Table 1) , which can be compared to 1.92 (0.44)-1.99 (0.38) for children with ASD aged 2-17 years (Lidstone et al., 2014) . 53% of children were reported to "Almost always chooses from a restricted range of repetitive activities" and "Play the same music, game or video, or read the same book repeatedly". There was no clear relationship between subtype of MPS III TA B L E 1 SRS-2 and RBQ-2 scores for whole sample and for subtype and phase and level of repetitive behaviour or specific items on the RBQ-2.
Median SRS-2 scores were significantly higher than median RBQ-2 scores (Z = −3.62, p < 0.001) but this difference disappeared when median scores were standardised (Z = −1.018, p = 0.309). The total SRS-2 and RBQ-2 scores were not significantly (ρ = 0.094, p = 0.721).
Further, Mann-Whitney U tests indicated no significant differences in median SRS-2 and RBQ-2 scores for children with MPS IIIA (n = 10) and MPS IIIB (n = 5).
| D ISCUSS I ON
Despite the small sample size, this study has identified that parents of children with MPS III (subtypes A, B and C) reported scores associated with a diagnosis of ASD on a measure of social responsiveness (SRS-2). Support for the hypothesis that children with MPS III would demonstrate significantly higher scores on the SRS-2 than on the RBQ-2 was not found, The findings from this study are similar to studies carried out in the USA with children with MPS IIIA (Rumsey et al., 2014) and children with MPS IIIB (Shapiro et al., 2016) , who met diagnostic criteria for ASD when assessed with a diagnostic tool, the ADOS. However, a novel finding from this study was that children with MPS IIIC had more difficulties with both social responsiveness and repetitive behaviour and restricted interests than children with MPS IIIA and IIIB. Similarly, there was no significant association between the SRS-2 and RBQ-2 scores, suggesting a disconnection between the two core domains of ASD (cf Happe & Ronald, 2008) and illustrates the importance of measuring ASD symptoms. It was difficult to examine any significant differences in the symptoms of ASD across the three subtypes of MPS III in this study given the small sample size and unequal number of children in each group. Although the present study reports on a small sample drawn from a very rare cause of intellectual disability, these findings potentially inform a wider discussion about the utility and value of diagnosing "co-morbid autism" alongside intellectual disabilities of known origin, as opposed to mapping the presence of autistic traits in the behavioural phenotypes of said disorders. As noted above, autism or autistic traits are increasingly recognised as being associated with a range of conditions (Richards et al., 2016) , with syndrome-specific prevalence ranging from 5% (untreated PKU) to 80% (Angelman syndrome) (Moss & Howlin, 2009) . The nature of the association between various syndromes and such "co-morbid" or syndromic autism is yet to be determined but on the basis of the current evidence, it may be more useful to measure specific autistic traits on a syndrome by syndrome basis than to diagnose autism, the more so given the specific needs of families of children with autism (Estes et al., 2009 ).
| Limitations
As with much research into very rare disorders, this study was limited by a small sample size, and small and unequal subgroups within the sample. Consequently, the use of inferential statistics was limited, the second hypothesis could not be tested and there was limited statistical power to detect between-group differences.
The study did not involve a control group, and this would have been useful to measure the degree of difficulty in MPS III and to compare to idiopathic ASD to evaluate any similarities and differences in the profile of behaviour. Demographic information such as family background and ethnicity were not collected. Upon reflection, this might have been useful information to aid analysis; however, given the known survey fatigue in the MPS III population (personal correspondence with the MPS society) it was felt not to be essential to the study. One parent reported that she felt it was often difficult to report on her child's behaviour on a questionnaire as this would often depend on "how difficult the day had been". Based upon this, qualitative or interview data to explore responses on the questionnaires would have been useful to explore and further understand parental responses.
| Clinical and research implications
The findings of this study indicate that parents report symptomology consistent with ASD, in children with MPS III (subtypes A, B and C).
This suggests and warrants the provision of tailored and evidenced 
| CON CLUS IONS
Although these findings should be treated with caution given the preliminary nature and small sample size of the current study, they do add to our understanding of the behavioural phenotype of MPS III (Cross et al., 2014) . One of the main implications of this is the possibility of moving away from regarding ASD as "co-morbid" with MPS III, with all that this implies in terms of additional diagnosis and access to services, and to develop a more comprehensive syndromespecific service available to all families from the outset.
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